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ULVNVEHLQJGDPDJHGGXULQJ WKH WHQXUHRI UHVLGHQWVRUE\HDUWKTXDNHV%UHDWKDEOHZDOOVGRQRWKDYH VXFKDGDPS
SURRIPHPEUDQH:HPHDVXUHGWKHHQYLURQPHQWDOSHUIRUPDQFHLQGRRUWKHUPDOHQYLURQPHQWWKHUPDOHQYLURQPHQW
DQGKXPLGLW\ LQZDOOV DQG HQHUJ\FRQVXPSWLRQRI IRXUKRXVHV WKDW XVH ODUJHDPRXQWV RIZRRGZLWKHDFKKRXVH
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IRUWKHVHIURPERWKWKHYLHZSRLQWRIIRUHVWUHVRXUFHPDQDJHPHQWDVDOVRIRU&2IL[DWLRQ,WLVVDLGWKDW
XVLQJDVXEVWDQWLDODPRXQWRIZRRGIRUGHWDFKHGKRXVLQJ LVHIIHFWLYH LQRUGHU WRSURPRWHXWLOL]DWLRQRI
GRPHVWLF WLPEHU +RZHYHU WKHUHDUH IHZVWXGLHV WKDWKDYHVXEVWDQWLDOO\HYDOXDWHG WKH LQIOXHQFHRI WKH
OLYLQJHQYLURQPHQWFUHDWHGE\XVLQJODUJHTXDQWLWLHVRIZRRGIRULQWHULRUV
:H PHDVXUHG WKH LQGRRU WKHUPDO HQYLURQPHQW WKH WKHUPDO HQYLURQPHQW RI WKH ZDOOV DQG HQHUJ\
FRQVXPSWLRQRIKRXVHVWKDWXVHDODUJHTXDQWLW\RIZRRG:HUHIHUWRWKHVHDV³QDWXUDOPDWHULDOVZRRGHQ
KRXVHV´,QWKLVVWXG\ZHGHILQHDQDWXUDOPDWHULDOVZRRGHQKRXVHDVDZRRGHQKRXVHXVLQJDTXDQWLW\RI
ZRRGPRUHWKDQWLPHVWKDWXVHGE\WKHW\SLFDO-DSDQHVHZRRGHQKRXVH
:HDQDO\]HGWKHDGYDQWDJHRIWKHVHKRXVHVIURPWKHYLHZSRLQWRIFRPIRUWFRQGHQVDWLRQLQWKHZDOOV
WKHSRVVLELOLW\RIPROGIRUPLQJLQWKHZDOOVDQGHQHUJ\VDYLQJ
2XWOLQHRIWKHWDUJHWHGKRXVHVDQGPHDVXUHPHQW
:H FRQGXFWHGPHDVXUHPHQWVZLWKLQ IRXU QDWXUDOPDWHULDOZRRGHQ KRXVHV WZR GHWDFKHG KRXVHV DQG
WZRDSDUWPHQWVIURP-DQXDU\WR'HFHPEHU(DFKRIWKHVHLVORFDWHGLQFHQWUDO7RN\RLQ
-DSDQ7DEOHVKRZVWKHRXWOLQHPHDVXUHPHQWVRI+RXVH<DQGLQWKLVSDSHUZHUHSRUWWKHUHVXOWVRIWKLV
KRXVH DV D UHSUHVHQWDWLYH FDVH  )LJXUH  VKRZV WKH RXWOLQH RI PHDVXUHPHQW SRLQWV DQG W\SHV  :H
PHDVXUHG LQGRRU DQG RXWGRRU WHPSHUDWXUH DQG KXPLGLW\ JOREH WHPSHUDWXUH DQG VRODU UDGLDWLRQ E\
S\UKHOLRPHWHULQRUGHUWRXQGHUVWDQGLQGRRUFRPIRUWDQGUHODWHGFKDQJHV:HDOVRPHDVXUHGWKHWKHUPDO
HQYLURQPHQW ZLWKLQ ZDOOV LQ RUGHU WR HYDOXDWH LQVXODWLRQ SHUIRUPDQFH DQG WHPSHUDWXUHKXPLGLW\
GLVWULEXWLRQ 
0HDVXUHPHQWUHVXOWV
3.1. Indoor thermal environment 
                                       (a)                                       (b)                                                            (c) 
Fig. 1. (a) 1st floor measurement plan; (b) 2nd floor measurement plan; (c) measurement plan for walls 
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Table 1. Outline of measurements of House Y 
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)LJXUH  VKRZV DQ LQGRRU WHPSHUDWXUHKXPLGLW\ DLU GLDJUDP SORW  5RRP  ZKLFK ZDV QRW DLU
FRQGLWLRQHGZDVPRVWVWDEOHLQWHUPVRIUHODWLYHKXPLGLW\DQGRIPHDVXUHPHQWVZHUHFODVVLILHGDV
EHLQJZLWKLQWKHFHQWUDOUDQJHRIKXPLGLW\>5+@a>5+@,QDGGLWLRQPRVWRIWKHSORWVZHUH
LQFOXGHGZLWKLQWKHUDQJHRIFRPIRUWDEOHOHYHOVLQWHUPVRI3UHGLFWHG0HDQ9RWH309ӌ309ӌ
WKHPHDVXUHPHQWIRU5RRPZDVWKDWIRU5RRPDQGWKDWIRUWKHOLYLQJURRP
Fig. 2. Indoor temperature-humidity air diagram plot
                                       (a)                                                                                                 (b) 
Fig. 3. (a) Temperature change within wall in Feb.; (b) growth possibility range of mold in wall in July
                                       (a)                                                                                             (b) 
Fig. 4. (a) Electricity consumption of House Y by month; (b) Comparison of annual carbon footprint  
1680   Hiroto Takaguchi et al. /  Energy Procedia  61 ( 2014 )  1677 – 1680 
ZLWKGDWDUHFRUGHGLQ-XQHWKDWZDVEHWZHHQVXPPHUDQGZLQWHU
3.2. Thermal environment within walls 
)LJXUH  D VKRZV WKH WHPSHUDWXUH FKDQJH ZLWKLQ WKH ZDOO  7KLV LQGLFDWHV D VPDOO SRVVLELOLW\ RI
FRQGHQVDWLRQRFFXUULQJLQVLGHZDOOVLQZLQWHU)LJXUHEVKRZVWKHH[WUHPHO\ORZSRVVLELOLW\RIPROG
JURZWKLQVLGHZDOOVLQ-XO\
3.3. Energy consumption and CO2 footprint 
)LJXUHDVKRZVWKHHOHFWULFLW\FRQVXPSWLRQRI+RXVH<E\PRQWK)LJXUHEFRPSDUHVWKHDQQXDO
FDUERQIRRWSULQWRIWKHQDWXUDOPDWHULDOVZRRGHQKRXVH<$SDUWPHQW.RQHRIWKHWKUHHPHDVXUHG
KRXVHVDQGWKHQDWLRQDODYHUDJH7KHHOHFWULFLW\FRQVXPSWLRQSHDNZDVLQZLQWHU,QWRWDOWKHDQQXDO
FDUERQIRRWSULQWRIKRXVH<ZDVNJ&2\HDUPRUHWKDQWKHQDWLRQDODYHUDJH>@
+RZHYHUWKHVHUHDVRQVVWHPIURPIDPLO\VWUXFWXUHDQGIURPQHLJKERUKRRGLVVXHV7KHIDPLO\KDGILYH
PHPEHUV KLJKHU WKDQ DYHUDJH  2QH RI WKHVH ZDV DQ ROG ZRPDQ ZKR VSHQW D ORW RI WLPH DW KRPH
)XUWKHUPRUH UHVLGHQWV KDG GLIILFXOW\ RSHQLQJ OLYLQJ URRP ZLQGRZV EHFDXVH RI UHODWLRQV ZLWK WKH
QHLJKERUKRRG
&RQFOXVLRQ
&RPSDUHGZLWKWKHFKDQJHLQRXWGRRUDLUKXPLGLW\WKHUDQJHRIFKDQJHRIURRPRIWKHVHKRXVHVZDV
VWDEOH DQG ZHOO FRQWUROOHG  7KLV PLJKW EH GXH WR WKH KXPLGLW\ FRQGLWLRQLQJ DELOLW\ RI ZRRG
&RQGHQVDWLRQDQGPROGGLGQRWRFFXU LQVLGH WKHZDOOVRI+RXVH< WKURXJKRXW WKH\HDUSUHVXPDEO\E\
H[FOXGLQJKXPLGLW\LQWKHZDOO$VQRWHGWKLVPD\EHDWWULEXWHGWRWKHKXPLGLW\FRQGLWLRQLQJDELOLW\RI
ZRRGDVZHOODVWRPRLVWXUHSHUPHDELOLW\RIWKHUPDOLQVXODWLRQPDWHULDOLQ+RXVH<
,QGRRUDLUTXDOLW\UHVXOWVLQGLFDWHWKDWWKHLQGRRUWKHUPDOHQYLURQPHQWDQGWKHWKHUPDOHQYLURQPHQWLQ
WKHZDOOVZHUHZLWKLQFRPIRUWDEOHUDQJHV+XPLGLW\WHQGHGWREHVWDEOHLQDUHDVRIFHQWUDOKXPLGLW\DQG
PRVW RI WKH WLPHZLWKLQ WKH FRPIRUWDEOH OHYHO UDQJH RI 309 &RQGHQVDWLRQ DQGPROG GLG QRW RFFXU
ZLWKLQWKHZDOOVRI+RXVH<
,QWKLVSDSHUZHFRXOGQRWTXDQWLWDWLYHO\DVVHVVWKHSHUIRUPDQFHRIZRRGDQGHQHUJ\VDYLQJWUHQGVGXH
WRVRFLDOLVVXHV1XPHULFDOVLPXODWLRQVEDVHGRQREWDLQHGPHDVXUHPHQWVZLOOWKHUHIRUHEHXVHG
$FNQRZOHGJH
7KLV VWXG\ LV EDVHG RQ UHVXOWV RI WKH 5	' SURJUDP 
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